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Thesis abstract
The aim of this thesis was to investigate brain activity changes in people with spinal 
cord injury (SCI), the possible basis for such changes, and the impact these changes are 
likely to have on signals used by brain-computer interfaces (BCI). BCI monitor brain 
activity and issue commands to operate electrical devices upon detection of specific 
changes in brain activity under a users control. BCI development is usually conducted 
with able-bodied people (for the sake of convenience), with the general assumption that 
the BCI developed will also be suitable for people with disabilities. This assumption 
may be flawed because the disability may be associated with significant changes in the 
brain activity signals used by BCI. Due to the paucity of BCI research in SCI, it is 
important to assess brain activity in people with SCI to determine if BCI are a suitable 
means of hands-free control in this population.
BCI could have significant potential for the operation of neuroprostheses in SCI. 
Neuroprostheses restore lost motor function to people with SCI through the patterned 
electrical stimulation of paralysed muscles, and have been used to restore hand grasp 
and release in people with tetraplegia, and standing and stepping in people with 
paraplegia. Restoring lost motor function brings with it the problem of how the restored 
function is to be operated by the user. SCI, by its very nature, reduces the capacity to 
voluntarily control the musculature, and therefore limits the ability of a user to issue 
commands to a neuroprosthesis. Chapter 1 critically reviewed the command interface 
requirements of neuroprostheses, and the ability of various BCI to meet those 
requirements. The review highlighted the potential of two BCI types potentially suited 
to neuroprosthetic control: 1) BCI based on the detection of eye-closure, and 2) BCI 
based on the detection of imagined movement of the lower extremities; referred to as 
eye-closure based BCI (EC-based BCI), and mental motor imagery based BCI (MMI- 
based BCI) respectively.
The studies in this thesis focused on brain activity in SCI during rest, movement 
and mental motor imagery (MMI). Chapter 2 examined brain activity in SCI and able­
bodied groups during rest with the eyes-open (EO) and eyes-closed (EC). Studies were 
conducted to compare differences in brain activity with lesion level (paraplegia or 
tetraplegia), and with the presence/absence of neuropathic pain. Neuropathic pain is an
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intractable disease that occurs in about 50% of people with SCI, and whose aetiology is 
largely unknown. There is evidence to suggest, however, that central mechanisms are 
involved in the genesis of neuropathic pain, so a separate study was conducted to 
identify brain activity changes with SCI neuropathic pain and the potential effect of 
these changes on BCI performance. Brain activity was measured with the 
electroencephalogram (EEG), which uses sensors to record small signals on the scalp 
reflecting underlying neuronal activity in the brain. The EEG was spectrally analysed to 
obtain measures of signal power in the delta, theta, alpha, beta, and gamma frequency 
bands. This allowed comparison of the results with the wide body of EEG literature, and 
helped to elucidate the changes in the brain associated with SCI. A notable finding in 
this thesis was of brain activity changes in people with tetraplegia that were similar to 
changes associated with neuronal atrophy, suggesting that people with tetraplegia may 
be more likely to suffer cognitive impairments and be at greater risk of developing 
dementia of the Alzheimer’s type. Brain activity changes were also observed in people 
with SCI neuropathic pain, supporting and extending the view of how central processes 
may be involved in the genesis of this disease.
For sophisticated neuroprosthetic control, BCI need to be developed beyond the 
single-command capability of the EC-based BCI. To identify additional BCI signals, the 
study in Chapter 3 focused on brain activity in able-bodied people reactive to imagined 
movement of the lower extremities. BCI signals have previously been obtained by 
imagination of the feet, but it has not been possible to detect differences in the EEG 
between the left and right foot, due to the location of the cortical foot representation in 
the brain. To counter this difficulty the study in Chapter 3 investigated imagined 
movement of the left and right hip and found that they could be distinguished in the 
EEG. This finding gave support to the proposal that lower extremity motor imagery 
could be used for the operation of neuroprostheses in SCI.
A difficulty in detecting brain reactivity to imagined movement arises because the 
exact moment of movement imagination cannot be measured. This is in contrast to 
executed movement, where the precise moment of movement can be detected from 
sensors attached to the limb being moved. Brain activity reactive to imagined movement 
has been demonstrated as a potential BCI signal, but it has been suggested that it may 
not be detected among all people. The study in Chapter 3 employed a novel approach
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for the detection of brain activity reactive to imagined movement, and demonstrated that 
BCI signals reactive to motor imagery are widely prevalent in able-bodied people.
After finding significant changes in brain activity during rest in people with SCI 
compared with able-bodied controls in Chapter 2, it was necessary in Chapter 4 to 
examine and confirm if left and right hip motor imagery could be distinguished in 
people with SCI. The study found that left and right hip motor imagery could be 
distinguished in people with paraplegia, though with a diminished capacity compared 
with able-bodied controls. The ability to distinguish between left and right hip motor 
imagery was further diminished in people with tetraplegia. The study, however, found 
little difference in brain activity reactive to imagined movement in the beta frequency 
band. These signals have been successfully used as a BCI signal in a single-case study 
of a person with tetraplegia, but with a lack of replication, it has remained unknown 
whether these signals can be detected widely in people with SCI. The findings in 
Chapter 4 show that beta frequency band signals reactive to motor imagery are widely 
prevalent among people with SCI, suggesting that these signals have potential for use in 
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